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Copyright (c) 2009 FIRST
Some rights reserved.
 
This design package is released under the Creative 
Commons Attribution-Share Alike 3.0 Unported License.  
For further legal information, see:
http://creativecommons.org/licenses/by-sa/3.0/
 
Consult the FRC Robot Rules before modifying any 
components.  Modifying a component may invalidate its use 
in the FRC competition and may be dangerous.

Derivative works may or may not be allowed in the FRC 
competition.  Consult the FRC Robot Rules for details.

These design packages are made available primarily to 
serve as an educational tool.  Mentors are strongly 
encouraged to use them to help their students learn more 
about electronics.
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2cRIO Connectors

Digital Side Car, Rev 8

I2C Driver

GND

GND

to NI 9403 Digital IO Module

General Purpose Digital IO

191-037-213L571

DIO_0 1

DIO_1 2

DIO_2 3

DIO_3 4

DIO_4 5

DIO_5 6

DIO_6 7

DIO_7 8

DIO_8 11

DIO_9 12

DIO_10 13

DIO_11 14

DIO_12 15

DIO_13 16

DIO_14 17

DIO_15 18

DIO_16 20

DIO_17 21

DIO_18 22

DIO_19 23

DIO_20 24

DIO_21 25

DIO_22 26

DIO_23 27

DIO_24 30

DIO_25 31

DIO_26 32

DIO_27 33

DIO_28 34

DIO_29 35

DIO_30 36

DIO_31 37

COM9

COM10

COM28

COM29

RSVD19

For use with NI 9403

J1

DB37

GND

Relay_Serial_Data

Relay_Output_CLK
Relay_Shift_CLK

/Output_EN
0603
3.16K

R12

5V

I2C_SDA_A

I2C_SDA

0603
3.16K

R11

5V

I2C_SCL

I2C_SCL_A

GND

5V

1
2

J27

THRU VERT

GND

5V

Secondary SPI Power Spigot

1
2
3
4
5
6
7
8
9

10
11
12

Power

Ground

Power

Ground

Power

Ground

Power

Ground

Power

Ground

Power

Ground

Power

Ground

Power

Ground

Power

Ground

Power

Ground

Power

Ground

Power

Ground

13
14

GroundGround

PowerPower

J26

GND

5V

I2C Port

I2C_SDA

I2C_SCL

I2C_SCL_A

I2C_SDA_A

Relay_Serial_Data

Relay_Output_CLK

Relay_Shift_CLK

/Output_EN

I2C_SDA
I2C_SCL

I2C_SCL_A
I2C_SDA_A

Set Default States for all cRIO lines

GND

5V

D

G

S

Q3
FDV301N

D

G

S

Q4
FDV301N

The pull-downs for the 
I2C_SCL_A and SDA_A outputs 
are included in the big resistor 
packs.

Analog In
GND
GND
Power
I2C SCL
I2C SDA

J25

NXT Port

I2C_SDA
I2C_SCL

1 3 5 7

2 4 6 8

RP14

4x0603 10K

1 3 5 7

2 4 6 8

RP18

1 3 5 7

2 4 6 8

RP7

4x0603 10K

1 3 5 7

2 4 6 8

RP8

1 3 5 7

2 4 6 8

RP3

4x0603 10K

1 3 5 7

2 4 6 8

RP5

1 3 5 7

2 4 6 8

RP1

4x0603 10K

1 3 5 7

2 4 6 8

RP2

GPIO1

PWM1

GPIO2

PWM2

GPIO3
GPIO4
GPIO5
GPIO6
GPIO7
GPIO8
GPIO9
GPIO10
GPIO11
GPIO12

PWM3
PWM4
PWM5
PWM6
PWM7
PWM8
PWM9
PWM10

GPIO13
GPIO14

GPIO1
GPIO2
GPIO3
GPIO4
GPIO5
GPIO6
GPIO7
GPIO8
GPIO9
GPIO10
GPIO11
GPIO12
GPIO13
GPIO14

GPIO1
PWM1

GPIO2

PWM2

GPIO3

GPIO4

GPIO5

GPIO6

GPIO7

GPIO8

GPIO9

GPIO10

GPIO11

GPIO12
PWM3

PWM4

PWM5

PWM6

PWM7

PWM8

PWM9

PWM10
GPIO13

GPIO14

PIJ101

PIJ102

PIJ103

PIJ104

PIJ105

PIJ106

PIJ107

PIJ108

PIJ109

PIJ1010

PIJ1011

PIJ1012

PIJ1013

PIJ1014

PIJ1015

PIJ1016

PIJ1017

PIJ1018

PIJ1019

PIJ1020

PIJ1021

PIJ1022

PIJ1023

PIJ1024

PIJ1025

PIJ1026

PIJ1027

PIJ1028

PIJ1029

PIJ1030

PIJ1031

PIJ1032

PIJ1033

PIJ1034
PIJ1035

PIJ1036

PIJ1037

COJ24

PIJ2501

PIJ2502

PIJ2503

PIJ2504

PIJ2505

PIJ2506

COJ27

PIJ2601

PIJ2602

PIJ2603

PIJ2604

PIJ2605

PIJ2606

PIJ2607

PIJ2608

PIJ2609

PIJ26010

PIJ26011

PIJ26012

PIJ26013

PIJ26014

PIJ26015

PIJ26016

PIJ26017

PIJ26018

PIJ26019

PIJ26020

PIJ26021

PIJ26022

PIJ26023

PIJ26024

PIJ26025

PIJ26026

PIJ26027

PIJ26028

PIJ26029

PIJ26030

PIJ26031

PIJ26032

PIJ26033

PIJ26034

PIJ26035

PIJ26036

PIJ26037

PIJ26038

PIJ26039

PIJ26040

PIJ26041

PIJ26042

COJ25

PIJ2701

PIJ2702

COJ26

PIQ30D
PIQ30G

PIQ30S

COQ2

PIQ40D
PIQ40G

PIQ40S

COQ4

PIR1101

PIR1102
COR5

PIR1201

PIR1202
COR7

PIRP101

PIRP102

PIRP103

PIRP104

PIRP105

PIRP106

PIRP107

PIRP108
CORP18

PIRP201

PIRP202

PIRP203

PIRP204

PIRP205

PIRP206

PIRP207

PIRP208
CORP22

PIRP301

PIRP302

PIRP303

PIRP304

PIRP305

PIRP306

PIRP307

PIRP308
CORP17

PIRP501

PIRP502

PIRP503

PIRP504

PIRP505

PIRP506

PIRP507

PIRP508
CORP21

PIRP701

PIRP702

PIRP703

PIRP704

PIRP705

PIRP706

PIRP707

PIRP708
CORP16

PIRP801

PIRP802

PIRP803

PIRP804

PIRP805

PIRP806

PIRP807

PIRP808
CORP20

PIRP1401

PIRP1402

PIRP1403

PIRP1404

PIRP1405

PIRP1406

PIRP1407

PIRP1408
CORP15

PIRP1801

PIRP1802

PIRP1803

PIRP1804

PIRP1805

PIRP1806

PIRP1807

PIRP1808
CORP19

PIJ1025

PIRP801

NL0Output0EN

PIJ2504

PIJ2602PIJ2605PIJ2608PIJ26011PIJ26014PIJ26017PIJ26020PIJ26023PIJ26026PIJ26029PIJ26032PIJ26035PIJ26038PIJ26041

PIJ2701

PIR1102

PIR1202

PIRP104 PIRP108 PIRP204 PIRP208PIRP304 PIRP308 PIRP504 PIRP508PIRP704 PIRP708 PIRP802 PIRP804 PIRP808PIRP1404 PIRP1408

PIJ109

PIJ1010

PIJ1028

PIJ1029

PIJ2502

PIJ2503

PIJ2603PIJ2606PIJ2609PIJ26012PIJ26015PIJ26018PIJ26021PIJ26024PIJ26027PIJ26030PIJ26033PIJ26036PIJ26039PIJ26042

PIJ2702

PIQ30S

PIQ40S

PIRP102 PIRP106 PIRP202 PIRP206PIRP302 PIRP306 PIRP502 PIRP506PIRP702 PIRP706 PIRP806PIRP1402 PIRP1406 PIRP1802 PIRP1804

PIJ1018

PIJ2601

PIRP103

NLGPIO1
PIJ1017

PIJ2604

PIRP107

NLGPIO2
PIJ1016

PIJ2607

PIRP203

NLGPIO3
PIJ1015

PIJ26010

PIRP207

NLGPIO4
PIJ1014

PIJ26013

PIRP303

NLGPIO5PIJ1013

PIJ26016

PIRP307

NLGPIO6
PIJ1012

PIJ26019

PIRP503

NLGPIO7
PIJ1011

PIJ26022

PIRP507

NLGPIO8
PIJ108

PIJ26025

PIRP703

NLGPIO9
PIJ107

PIJ26028

PIRP707

NLGPIO10
PIJ106

PIJ26031

PIRP803

NLGPIO11PIJ105

PIJ26034

PIRP807

NLGPIO12
PIJ104

PIJ26037

PIRP1403

NLGPIO13

PIJ103

PIJ26040

PIRP1407

NLGPIO14

PIJ101

PIJ2505

PIQ30D
PIR1101

PIRP1807 NLI2C0SCL

PIJ1021

PIQ30G

PIRP1801

NLI2C0SCL0A

PIJ1020

PIJ2506

PIQ40D
PIR1201

PIRP1805
NLI2C0SDA

PIJ102

PIQ40G

PIRP1803
NLI2C0SDA0A

PIRP1808PIRP1806

PIJ2501

PIJ1019

PIJ1026

PIRP705

NLPWM1

PIJ1027

PIRP701

NLPWM2

PIJ1030

PIRP505

NLPWM3

PIJ1031

PIRP501

NLPWM4
PIJ1032

PIRP305

NLPWM5

PIJ1033

PIRP301

NLPWM6

PIJ1034

PIRP205

NLPWM7

PIJ1035

PIRP201

NLPWM8

PIJ1036

PIRP105

NLPWM9
PIJ1037

PIRP101

NLPWM10

PIJ1024

PIRP805

NLRelay0Output0CLK

PIJ1022

PIRP1405

NLRelay0Serial0Data

PIJ1023

PIRP1401

NLRelay0Shift0CLK
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4Power Input, Supplies & Indicators

Digital Side Car, Rev 8

D

G

S

Q1
FDS8817NZ

GNDBATT_GND

VBATT

Power Input with Reverse Voltage Protection

5V/3A Buck Supply

D3
LTST-C170KGKT

VBATT

GND

1
2

J22

3.5mm Mini Header

0.01uF

C8

0603
10k

R7

0603
30.9K

R8

GND

GND

TPS5431DDA

Boot 1

V Sense 4

Enable5

GND6

Vin7 PH 8

U7

Buck Converter

744771122

22 µHL2

330µF
C11

GND

0.1µF
C7

GND

4.7µF
C13

4.7µF
C14

GNDGND D6
MBRA340T3G

GND

5VVBATT

6V/3A Buck Supply

D1
LTST-C170KGKT

6V

0805
200

R1

GND

0.01uF

C1

0603
10k

R6

0603
39.2K

R4

GND

GND

TPS5431DDA

Boot 1

V Sense 4

Enable5

GND6

Vin7 PH 8

U3

Buck Converter

744771122

22 µHL1

330µF
C3

GND

0.1µF
C2

GND

4.7µF
C4

GND D4
MBRA340T3G

GND

6VVBATT

D2
LTST-C170KGKT

5V

0805
150

R2

GND

Input Voltage not to exceed 20 V
Protect with 10 Amp Breaker

Change List:
Removed current source for cost.
Removed C6.
Replaced Q1
Added Q1 Gate Resistor

GND

VBATT

BFL

D

G

S

Q2
FDN359AN

1
2

J23

KK Friction Lock
ES2A-13-F

D5

0603
10k

R10

GND

1206
680

R9

CB2
1.1 A Hold, 2.2 A Trip

D7

LTST-C170KGKT

0603
10k

R13

1206 (3216)
240

R15

270
R14

PIC101 PIC102
COC7

PIC201

PIC202
COC8

PIC300
COC9

PIC401

PIC402COC5

PIC701

PIC702
COC13

PIC801 PIC802
COC12

PIC1100
COC14

PIC1301

PIC1302COC11

PIC1401

PIC1402COC10

PICB201

PICB202 COCB1

PID10A
PID10K COD27

PID20A
PID20K COD30

PID30A
PID30K COD25

PID40A
PID40K
COD29

PID50A
PID50KCOD17

PID60A
PID60K
COD32

PID70A
PID70K COD15PIJ2201

PIJ2202

COJ28

PIJ2301

PIJ2302

COJ22

PIL101 PIL102
COL1

PIL201 PIL202
COL2

PIQ10D

PIQ10G
PIQ10S

COQ3

PIQ20D
PIQ20G

PIQ20S

COQ1

PIR101

PIR102
COR12

PIR201

PIR202
COR15

PIR401

PIR402
COR10

PIR601

PIR602
COR11

PIR701

PIR702
COR14

PIR801

PIR802
COR13

PIR901

PIR902
COR3

PIR1001

PIR1002
COR4

PIR1301PIR1302
COR6

PIR1401

PIR1402
COR8

PIR1501

PIR1502
COR9

PIU301

PIU304

PIU305

PIU306

PIU307 PIU308

PIU30PAD

COU5

PIU701

PIU704

PIU705

PIU706

PIU707 PIU708

PIU70PAD

COU6

PIC702 PIC1100
PID20APIL202 PIR802

PIC202 PIC300

PID10A

PIL102 PIR402

PIJ2201

PIQ10D

PIQ20GPIR1002
NLBFL

PIC201 PIC300PIC401

PIC701 PIC1100PIC1301PIC1401

PID40A

PID60A

PIQ10S

PIQ20S

PIR101

PIR201

PIR601

PIR701

PIR1001

PIR1501

PIU306PIU30PAD

PIU706PIU70PAD

PIU705

PIU305

PIR702
PIR801PIU704

PIR401
PIR602PIU304

PIR1401
PIR1502

PIQ10G
PIR1301

PID20K
PIR202

PID10K
PIR102

PID30K
PIR1402 PID50A PIJ2301

PIQ20D

PIR901

PID70K
PIR902

PICB201

PID50K
PID70A

PIJ2302

PIC802

PID60K

PIL201PIU708

PIC801PIU701

PIC102

PID40K

PIL101PIU308

PIC101PIU301

PIC402

PIC1302PIC1402

PICB202

PID30A
PIJ2202 PIR1302

PIU307

PIU707
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4Relay Outputs

Digital Side Car, Rev 8SN74LV595ADR

QC 2

QE 4

QG 6

QD 3

QF 5

QH 7

OE13

SRCLK11

SRCLR10

RCLK12

SER14

V
C

C
16

QB 1

G
N

D
8

QA 15

QH 9

U6

GND

5V

0.1µF

1
2

C12

GND

5V

RelayOut_A_1

RelayOut_A_2

RelayOut_A_3

RelayOut_A_4

RelayOut_B_1

RelayOut_B_2

RelayOut_B_3

RelayOut_B_4

RelayOut_A_1

RelayOut_A_2

RelayOut_A_3

RelayOut_A_4

RelayOut_A_5

RelayOut_A_6

RelayOut_A_7

RelayOut_A_8

RelayOut_B_1

RelayOut_B_2

RelayOut_B_3

RelayOut_B_4

RelayOut_B_5

RelayOut_B_6

RelayOut_B_7

RelayOut_B_8

RelayOut_A_1
RelayOut_B_1
RelayOut_A_2
RelayOut_B_2

RelayOut_A_3
RelayOut_B_3
RelayOut_A_4
RelayOut_B_4

pull-downs on outputs (required given tri-state period of the '595s)

Relay_Output_CLK
Relay_Shift_CLK

GND

RelayOut_A_5
RelayOut_B_5
RelayOut_A_6
RelayOut_B_6

RelayOut_A_7
RelayOut_B_7
RelayOut_A_8
RelayOut_B_8

1

2

3

4

5

6

7

8
8B

Ground

7B

Ground

6B

Ground

5B

Ground

4B

Ground

3B

Ground

2B

Ground

1B

Ground

J28

GND

SN74LV595ADR

QC 2

QE 4

QG 6

QD 3

QF 5

QH 7

OE13

SRCLK11

SRCLR10

RCLK12

SER14

V
C

C
16

QB 1

G
N

D
8

QA 15

QH 9

U4

GND

5V

0.1µF

1
2

C9

GND

5V

RelayOut_A_7

RelayOut_A_8

RelayOut_B_7

RelayOut_B_8

Relay_Output_CLK
Relay_Shift_CLK

/Output_EN

RelayOut_A_5

RelayOut_B_5

RelayOut_A_6

RelayOut_B_6

D18
LNJ808R8ERA

D11
LNJ308G8LRA

D17
LNJ808R8ERA

D10
LNJ308G8LRA

GND

D16
LNJ808R8ERA

D9
LNJ308G8LRA

D15
LNJ808R8ERA

D8
LNJ308G8LRA

GND

SN74LV595ADR

QC 2

QE 4

QG 6

QD 3

QF 5

QH 7

OE13

SRCLK11

SRCLR10

RCLK12

SER14

V
C

C
16

QB 1

G
N

D
8

QA 15

QH 9

U5

GND

5V

0.1µF
1

2
C10

GND

5V

Relay_Output_CLK
Relay_Shift_CLK

/Output_EN

1
3
5
7

2
4
6
8

RP13

4x0603 680

D22
LNJ808R8ERA

D14
LNJ308G8LRA

D21
LNJ808R8ERA

D13
LNJ308G8LRA

GND

D20
LNJ808R8ERA

D12
LNJ308G8LRA

D23
LNJ808R8ERA

D19
LNJ308G8LRA

GND

Relay_Serial_Data

BFL

1
3
5

2
4
6

78

J24

5V

5V

5V

GND

5V

I2C_SDA
I2C_SCL

1
3
5
7

2
4
6
8

RP17

1
3
5
7

2
4
6
8

RP12

4x0603 680

1
3
5
7

2
4
6
8

RP11

1
3
5
7

2
4
6
8

RP10

4x0603 680

1
3
5
7

2
4
6
8

RP15

1
3
5
7

2
4
6
8

RP9

4x0603 680

1
3
5
7

2
4
6
8

RP16

1
3
5
7

2
4
6
8

RP20

4x0603 10K

1
3
5
7

2
4
6
8

RP22

GND

1
3
5
7

2
4
6
8

RP21

4x0603 10K

1
3
5
7

2
4
6
8

RP19

GND
Allow BFL Drive while Disabled

PIC901

PIC902
COC3

PIC1001

PIC1002
COC2

PIC1201

PIC1202
COC4

PID80A PID80K COD16

PID90A PID90K
COD13

PID100A PID100K
COD11

PID110A PID110K
COD9

PID120A PID120K
COD5

PID130A PID130K
COD3

PID140A PID140K
COD1

PID150A PID150K
COD18

PID160A PID160K
COD14

PID170A PID170K
COD12

PID180A PID180K
COD10

PID190A PID190K
COD7

PID200A PID200K COD6

PID210A PID210K
COD4

PID220A PID220K
COD2

PID230A PID230K
COD8

PIJ2401PIJ2402

PIJ2403PIJ2404

PIJ2405PIJ2406

PIJ2407PIJ2408

COJ23

PIJ2801

PIJ2802

PIJ2803

PIJ2804

PIJ2805

PIJ2806

PIJ2807

PIJ2808

PIJ2809

PIJ28010

PIJ28011

PIJ28012

PIJ28013

PIJ28014

PIJ28015

PIJ28016

PIJ28017

PIJ28018

PIJ28019

PIJ28020

PIJ28021

PIJ28022

PIJ28023

PIJ28024

COJ21

PIRP901PIRP902

PIRP903PIRP904

PIRP905PIRP906

PIRP907PIRP908

CORP13

PIRP1001PIRP1002

PIRP1003PIRP1004
PIRP1005PIRP1006

PIRP1007PIRP1008

CORP11

PIRP1101PIRP1102

PIRP1103PIRP1104

PIRP1105PIRP1106

PIRP1107PIRP1108

CORP10

PIRP1201PIRP1202

PIRP1203PIRP1204

PIRP1205PIRP1206

PIRP1207PIRP1208

CORP8

PIRP1301PIRP1302

PIRP1303PIRP1304

PIRP1305PIRP1306

PIRP1307PIRP1308

CORP4

PIRP1501PIRP1502

PIRP1503PIRP1504

PIRP1505PIRP1506

PIRP1507PIRP1508

CORP12

PIRP1601PIRP1602

PIRP1603PIRP1604

PIRP1605PIRP1606

PIRP1607PIRP1608

CORP14

PIRP1701PIRP1702

PIRP1703PIRP1704

PIRP1705PIRP1706

PIRP1707PIRP1708

CORP6

PIRP1901PIRP1902

PIRP1903PIRP1904

PIRP1905PIRP1906

PIRP1907PIRP1908

CORP9

PIRP2001PIRP2002
PIRP2003PIRP2004

PIRP2005PIRP2006

PIRP2007PIRP2008

CORP3

PIRP2101PIRP2102

PIRP2103PIRP2104

PIRP2105PIRP2106

PIRP2107PIRP2108

CORP7

PIRP2201PIRP2202
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